Hydrographs are vital tools in the design and construction of water-control structures in urban and rural systems. The purpose of this study was to explore the development of design storm hydrographs for the small tropical catchment with limited data. In this study, Clark's Unit Hydrograph method was used to develop synthetic hydrographs for the University of Ilorin Agricultural and Biosystems Engineering field plot. This method was selected for evaluation because the field plot has very limited stream flow data. Kunrun stream, which is the discharge outlet for the watershed, has no gauge stations. Clark's method was evaluated in this study for peak discharge and storm hydrograph analysis of the field plot. The total area of the field plot measures 18.4 ha and is characterized according to its land use: pasture range land (34%), cultivated land (49%), wood or forest land (9%) and 'dirt' (8%). The three necessary inputs needed for the development of the synthetic hydrograph using Clark's method are: time of concentration, a storage coefficient, and a time-area histogram. The time of concentration was estimated using the Natural Resources Conservation Service method (NRCS) with the lag time determined from Snyder's equation. The storage coefficient was estimated at 0.75 hr while the time of concentration was 1.98 hr. Convolution procedures were used in determining the storm hydrograph from the unit hydrograph. Runoff volume and peak discharge from the unit hydrograph were estimated to be 2.4 x 10 4 m 3 and 1.02 m 3 /s, respectively. According to the 24hour, 100year storm hydrograph, the runoff volume was 5.23 x 10 4 m 3 while the peak discharge was 2.15 m 3 /s. It was found that Clark's Unit Hydrograph Method was very suitable in the development of design storm hydrograph for small tropical catchment with limited data.
Introduction
A synthetic hydrograph is typically used for ungauged watersheds and for anticipated post development conditions. Such conditions are common in Nigeria, as most watersheds lack gauging stations along its rivers and streams discharge outlets. The basic stream flow and rainfall data for planning and designing water management facilities and other hydraulic structures are not available for undeveloped watersheds. The study area falls under this category. In order to accurately design the intended drainage and irrigation structures for the field plot, the hydrologic parameters of the watershed must be identified.
A runoff hydrograph is an expression of surface water discharge over time. It is a reflection of the watershed characteristics which influence the relationship between rainfall and the resulting hydrograph. Synthetic methods are affected by watershed characteristics such as: area of the watershed, overland slope, channel slope, channel area, soil type and vegetation cover, basin length, stream pattern, watershed shape and channel roughness. Each of the watersheds characteristics plays a significant role in shaping the hydrograph of the watershed (Lopez et al., 2005) .
Storm pattern and meteorological conditions within the watershed are important in hydrograph development. Specific climatic conditions affecting the area must be known. Rainfall excess is defined as the volume of rainfall available for on-site surface storage, any volumes greater than this become runoff from the site. Runoff is the rate of flow at which rainfall excess is discharged from an area. The runoff coefficient relates the runoff rate to the precipitation rate, as well as relating rainfall excess to precipitation volume (Dery et al., 2009) .
Many synthetic unit-hydrograph methods have been proposed in the hydrologic literature regarding the development of hydrographs for ungauged watersheds. These methods were reported in detail by Dayani and Mohamadi (2002) . One of the first hydrologists to call attention to these methods was Snyder (1938) ; further development was later made by Schwartz (1952 Clark developed a synthetic hydrograph based on the Instantaneous Unit Hydrograph (IUH) as reported by Noorbakhsh et al. (2005) . This method incorporates many of the factors that influence runoff within a certain area. The method does not require knowledge of spatial runoff distribution. Both the shape of the drainage area and the production of peak flows from concentrated runoff are considered in this method. The results, however, are subject to the accuracy of the developed time-area relationship. The Clark Unit Hydrograph is commonly used for hydrologic design and analysis. It was chosen specifically for this study to explore the development of design-storm hydrographs in areas with limited data (such as the University of Ilorin Agricultural and Biosystems Engineering field plot).
Materials and Methods

Study Area
The study was carried out at the Department of Agricultural and Biosystems Engineering, University of Ilorin, Kwara State, Nigeria (Longitude
characterized by dry and wet seasons. Figure 1 shows the map of the study area. The wet season usually commences in March and ends in October while the dry season spans between November and February. The greatest amount of rainfall occurs between June and September, with mean annual rainfall measuring between 1000 mm and 1500 mm (Oyegun, 1983; Akintola, 1986) . Table  1 shows the mean annual rainfall of Ilorin from 2009 to 2011. Relative humidity varies between 70% in the dry months, and about 80% in the wet months approximately (Akoshile et al., 2004) . The mean monthly temperature varies between 25 o C-29 o C (Ajadi et al., 2011) . The study field site is on land that slopes eastward at a 5% gradient. The land measures 510 m in length and 360 m in width, creating a total area of approximately 18 ha. The plot is demarcated at the far end by the Kunrun stream, which takes its source from Ile-Apa village, near the Faculty of Agriculture (University of Ilorin) land. The stream is the major outlet of the catchment.
Land Use and Cover
The study land is primarily used for the cultivation of crops such as maize, sorghum, yam, cassava, cowpea, and okra. There are four main land usages of the field plot: pasture or range land, cultivated land without conservation treatment, wood or sparsely forest land, and dirt ( Figure 2 ). The types of trees growing on the field plot are: locust bean, shea butter, and cassia. The sparsely forested land consists of thin stands, with trees of relatively moderate sizes, and poor cover. The field plot is often subject to burning every dry season by nomadic farmers for grazing. Burning has adverse effects on the physical properties of the soil. The fire removes the top cover, thus exposing it to the direct effect of excess rainfall. This burning effect has made the soil more vulnerable to erosion, which explains the large sediment deposit observed at the discharge outlet. Burning also affects soil infiltration and field capacity. The sub-watershed areas are shown in Table 2 . 
Estimation of Watershed Parameters
The watershed parameters were estimated from the measurable characteristics of the catchment. The field plot resembles a parallelogram in shape (Figure 2) , with the centroid located at the intersection of the two diagonal lines. The main runoff channel is 635 m in length (L); it is located near the overhead reservoir and discharges to the outlet by the Kunrun stream. The distance from the main channel outlet to the centroid of the field plot, L c , measures 295 m. Snyder's equation employed by the U.S. Army Corps of Engineers (1999) was used to determine the lag time (t L ) and time to peak (t p ).
The following equations were applied (Capece, 1988; Wanielista, 1990; Ogunlela, 1997) : 
Hydrograph Development via Clark's Unit Hydrograph Time-Area Method
The field plot was divided into four subcatchments based on land use (Table 2 ). These sub-catchments were used to develop a timearea chart (Figure 3 ) so that Clark's method could be applied. Clark's original study was developed based on the Muskingum routing technique. The Clark unit hydrograph relies on the Muskingum storage coefficient, k (this is termed R in most references to the Clark method), to represent the attenuation imposed by storage properties of the field plot. In order to develop a synthetic hydrograph using Clark's method, two variables had to first be identified: the storage coefficient (k) and the time interval (∆t). k was estimated to be 45 minutes in duration, while ∆t was 15 minutes. The storage, k, was approximated to the field plot lag time, while ∆t was approximated to the duration of rainfall excess. The time interval, ∆t which ranges from 0.3k to k was estimated to be 15 minutes. Watershed storage impacts hydrograph translation, which is incorporated in the timearea histogram. Clark's equation (Singh et al., 2008 ) is given as:
where, Q 1 is the inflow and Q 2 is the outflow.
(8)
For this study, the routing coefficient C 0 and C 1 were 0.3 and 0.7, respectively. Thus, Q 2 = 0.3Ī + 0.7 Q 1 (10) Equation (10) was used to develop the instantaneous unit hydrograph for the field plot.
100-yr, 24hr Storm Hydrograph Development for the Field Plot
The design storm hydrograph was developed from the unit hydrograph using a convolution procedure (Wanielista, 1990) . The 100-year, 24-hour rainfall data for the Ilorin field plot was obtained from Ogunlela et al. (1995) .
The rainfall-runoff relationship was estimated using the Curve Number method (Ferreira and Smith, 1988; Foster, 1988; Ogunlela, 2001) , with the runoff depth (mm) given as: The synthetic hydrograph from Clark's IUH was developed via:
In the equation above, P is the cumulative rainfall (mm), Cr is a conversion factor (25.4) and CN is the weighted Curve Number given as: (13) (CN) i is the Curve Number for the i th category of land use with estimated proportion of total land area f i while n represents the number of land use categories. The SCS Type II rainfall pattern was used in the study. This method was used to create rainfall data to develop dimensionless distributions that were applied to the selected rainfall depth. The estimated rainfall excess for the field plot is shown in Table 3 . 
Results and Discussion
The watershed characteristics, parameters and results are shown in Table 4 . These results are important for the design of the surface reservoir in the catchment and for the general planning and management of the watershed. These results can also be applied to similar small tropical watersheds. Several other return periods can be produced in the same way the 100-year, 24-hour storm hydrograph was determined because Clark's method is highly flexible. As well, different return periods of hydraulic structures can be designed from this study.
Additional hydrograph modeling of this particular watershed in Nigeria would be beneficial, as would the application of novel hydrological modeling software. The results obtained from the same field plot by using different methods and applications could be compared to validate the hydrological parameters of the watershed (Figure 4 ).
Conclusion
The land use and cover variability are effectively analyzed by the isochrones techniques that are part Clark's method. The 100-yr, 24-hr storm hydrograph was developed for a small tropical catchment in Nigeria to explore the development of design storms in situations with minimal data. The unit hydrograph was developed using Clark's method. Synthetic techniques were used to not only determine basic catchment characteristics, but also to estimate hydrological parameters. The time of concentration obtained for the catchment was 1.98 hr. Based on these results, it can be stated that the generation of a unit hydrograph through synthetic methods is both useful and effective in situations with minimal data. It can also be inferred that synthetic unit hydrograph methods are suitable for the estimation of ordinates for the development of storm hydrographs for rivers in small watersheds. 
